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NATIONAL ADVISORY COMMITTEE FOR ARRONAUTICS
TRCHNICAL MEMORANDUM NO, 860

THE DESIGN OF FLOATS*

By . SOttorf

Following a summary of the multiplicity of domestic
and forelgn floats and a bPrief enumeration of the requlrew
ments of floats, the essential form parameters and thelr
effect on the qualitles of floats are detalled. On this
basls a standard float design is developed which in model
families wilth varying length/beam- ratlo and angle of dead
rise 1s onalyzed by an experimentdsl method which permits
its best utiligation on any airplane. 4 comparison with
the best U.S, N.A.C.A. model No, 356 reveals the quality
of the DVL standard float which, among others, 1s used on
the Ha 139 of the German Luft Hansa.

NOTATION

1y, total length of float, (m).
ly, length of forebody, (m).

st horlzontal dlstance of the center of buoyancy from
the step, (m)

tgg» vertical distance of the water line from the bottom
of the keel at the step, (m).

bgts beam of float at the step, (m).
byate natural beam of pressure area, (m).

h ys» depth of step, (m).

A, 1158, (kg).
¥, ~ resistance, " (kg).
D,  static displacement at rest, (m3).

*1Ggstaltung von Schwimmwerken," ILuftfahrtforschung, vole
14, nos. 4-5, April 20, 1937, pp.- 167=167.
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@, gross welght of airplane, (kg)..
P, impact load, (kg).

E, unloading, (kg).

Y, specific weight, (kg/m3).

My 4¢, moment about the transverse axls through the polint
of the step, (mkg).

v, sneed, (m/s).

v

mpx® tPeed at maximum rosistance, - {m/8).

Vetart, S0t~avay speed, Fm/s).

€ = %, nlanling nunmder.

e ! = ——AL——. load coefficlent.

Y bsta

A
Cph = —hhﬂi—. monent coefficlent.

4
Y bat
F=_—-_Y ___,  Froude nunber.
v g bgg
s scale of model,

a = trin, angle with the horizontal of the tangent tq
the keel at the step.

Copt trin of mininun resistance. (Best trim.)

O, angle of wing chord to the tangent to the keel
at the step.

L, included angle of dead rise (dihedral angle).




HeA,C.A. Tochnical Uomorandum No, 860 3
X, THE FORMS OF DOMESTIO AND FOREIGN FLOAT SYSTEMS

A gurvey of tho types of seaplane doveloped here and
abroad within the last years, discloses the views of the
deslgners as regards sultable designs and dimensions of
flont systems are stlll greatly at variance.

Tigure 1 shows that the beam at the step bgy versus

gross weight G for flying boats and against &/2 for
twin~float seaplanes in logarithmic scale. The load coef-

ficlents °a' = -—JL——. are used as the parameters and, .

Y bat3
according to Newtont!s general law of similitude, are con-
stant for slmllarly loaded float systems. Establigshing
with ec,' = 2.92 constant a lower, and with cg! = 0,364

constant an upper, limit on the cluster of points, -the
respective limiting beams of float gystems that have been

1/3 1/3
bullt are byy = 0.7 (%) and l.4 (%) , eand for

equel load, are in the ratio of 1l:2.

Flcure 2 shows, to the same scals, midship sections
and sheer plans for a selection of well=known types which,
by applying this law of similarity, have been reduced to
the comomon gross welght of 1 ton for both hulls and float.
It illustrates how differently beam, length-~beam ratio,
length of forebody, total length, or position of step and
cross soction were selected by the various designers, and
1t is not to be assumed that these designs are of equal
value. The differences in form are in part conditioned by
different requirements of the float system. So if any
standardlization of the form of the float system 1s to be
attemptod, the requirements must first de defined.

II. RREQUIREMENTS OF A FLOAT SYSTEM

a) The water resistance must.be small and the angle
of attack of the planing bottom to be reached
by pulling up must at the instant of get-away,
be great enough to be able to bring the angle

of attack of the wing into the range of cﬁmux'



c)

a)

e)

£)

g)
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The greester the excess thrust and the lower the
get-away speod, the smaller the take=off time
and take~off run,

The spray formed should be smell.

The impact forces excited durlng take—off and
landing should be srall. They increase with
the seaway, for which roason the strength svecw
ifications are grouped according to stresses in
order to be able to modlfy the requirements re-
garding seaworthinoss.

During take—off the airplane must have no tendency
to osclllate about the transverse axls which
may become the cause of delay of take-off and
of porpolsing at higher: speed.

Riding at anchor, the airplane should be weatherly,
gso that bow will heed into the wind; it further
should be stable about all horisontal axes in a
slde wind, whose veloclty 1s in proportion to
the required seaworthiness. In twin-float sea-
Planes the minimum stability occurs when down
by the stern, and therefore 1s determined Dby
the form of the flogot. In flylng boots and soaw
plones with a ceatral float, it occurs under
transverse inclination, in which case the slze
and distonce of the side floats are declsive,

While maneuvering the alrplane must respond quick=-
ly to alr and water rudders.

The alr reslstance must be small.

The effect of the form parameters .on points a) to ¢)
willl boe dlscussed after the take—off process has been de-

scribed.

Data for a qualitative opinion regarding point

d) arc altogether lacking at the present time. Tho chare
actoristics cited under volnts o) and f) are largely de-
pondont on the alrplone dosign as a whole and therefore
wlll not be discussed further in the present paper.

/
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III. TAKE-OFF WITH SPECIAL REFERENCE T0
sov o o PHE EFFECT OF THE AFTERBODY

Flgure 3 shows a take—off dlagram with the usual
curves of tho forces and t*ims. It may be divided into
four speed stages, ln which the flow formg differ markedly
and consequently, the effect of the afterbody on the take-
off 1lgs markedly different.

First gtage: At the beginning of the take-off there
1e no difference hydrodynamically, between plening and
dlaplacement ecraft, since flow is taking place over the
linliting edges of the planing bottom at the sides and on
the step and the sides themselves are wetted. The form of
the hull, in itself unfavorable, produces a relatively
high resistance, whose effect on the get—-away, however,
remaing small as thls stage 1s quickly passed through, be~
cause of the great excess of thrust. At around i Vmax

(the speed of maximum reasigtance) the relative speed of
"th'ec water at the step 1s already so great that break-away
takes place. 3But the trough or wake formed aft of the
step 1s as yet short and the major part of the afterbody --
15 st1ll in contact with the water. Congidering the water
forces on the forebody and afterbody separately (fig. 4),
the aftorbody carries almost half the load. Because of
the negative angle of tho afterbody keel, the resultant
normal force acting on the afterbody surfaces has a hori-
zontal component opposite to the resistance of the fore-
body and lowers tho total reasistance. The resultant of
the total water forces has moved forward but little from
its position at rest, so that the trim of the float rew-
mains small,

Sagond atage! As the impact pressure increases, the
length of the furrow aft of the step increases and the
contact between the bottom of the afterbedy and the water
travels correspondingly further aft. The process of got-
ting on step is characteriged by a sudden emersion of the
float occurring within a narrow speed range and accompa-
niled by marked increase in trim.

The maximum resistance of the float lies a little
higher - usually betweon 0,3 a2nd 0.4 Vitart® Only the af-

tor part of the afterbody is then in contact with the wa-—
tor; the sldes are completely free. The afterbody, with
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1ts share of the 1lift, tends to decrease the reslstance,
oeven at the hump. The resultant water force has reached
1ts most forward position in the range of maximum resiste-
once, with whiech moment and trim also roach thelr maximun
valuos. The trim is reduced noro or less by the nosehoavy
nonent of tho aftorbody in the proportion that the aftor-
body shares in the 1lift.

The effect of the afterbody in stages I and II 1s sguch
that the curve of tho reslistance of a forebody towed with-
out afterbody 1s the envelope of the curves of combinations
between rorebody and afterbody. The more favorable the
support by the afterbody, the lower the hump, which ig shifte-
ed toward higher speeds on account of it (and not as a re-
sult of the later formation of the planing condition).

Thlrd staget: The furrow aft of the step has become
80 long that the conflux 1n the plane of symmetry of the
waves -coming from the sides of the planing bottom and
bounding the furrow, lles behind the float so that the
roach formed there no longer strikes the afterbody. In
thle stage of pure planing, the float at normal trim .
touches the water only with a portion of the planlng bot-
tom lying forward of the step. As the impact pressure .in-
creases, the pressure area becomes shorter and thon, since
the wings unload the airplano more effectively, the re-
esultant water force shifts backward and the trim of the
float docreasos. Toward the end of thls stage the natural
trim of tho float has continuously decrcasod to a very.
small angle. By increased pulling up, the float is held
at a modium trim, favoradble in relation to the total ro-
slstancoe.

Fourth stnge?! In the stage before the get-away, con-
tact of the afterbody with the water spray is unavoldablo.
In o floet with doad rise, the beam of the bottom becomes
groater than the natural beam of the bottom area under
pressure because of the small load remaining, as a result
of which a heavy epray escapes backward (fig. 5) over the
open outer edges of the bottom. To lnsure a short take-
off the alrplane must be pulled up to get-away (apgy =
angle of afterbody keel), which increases the effect of
the spray on the afterbody. The tangential contact of
this water with the afterbody increases the frictlonal re-
slstance so much that under certain circumstances the to-
tal resistanco equals the propeller thrust desplte the

snall lond left on the water and get-away becomes impoa-
si'ble.
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Aftor 1lift-off with groateost possidble trim, a fur-

.thor gecoleration. up to. £flying -speed takes place -in the

alr, at which spoed tho angle of attack of the wing re-—
turns to that of best glide nunmber.
IV. THE CONTROLLING FORM PARAMETERS AND THEIR EFFECT
ON THR PROPERTIES OF FLOAT SYSTEMS
According to systematic tests (reference 1), tho ef=-
fect of tho beam on the resistance 1s as follows?
In pure planing condition, stage III, tho resistance

0f a flat botton grows consistontly less with increasing
beam, With a Voo bottom, the rosistance first becomos

M-.-_-p as the bcam incroasos until, with tho appoaranco

of tio "natural beam," a ninimum value, dopendont on tho
logd, ls obtalned.

) At naximun resistanco, stago II, an increase in bean
1s ecconpanied by a slightly less noticoable decroase in
reclstanco.

In tho roglon before got—aﬁay. stagoe IV, the addl-
tlonal roslstance produced by the spray on the afterbody,
increcses with the beam.

Tho formation of tho projectod opray 1s greatly re-
duccd o8 the berm 1s increasecd. Wlithin the scope of the
prosent artlcle, the statomont must sufficeo that, as in
tho caso of an alrfoll the 1lift coofflecient of a planing
surfaco incroasos with increasing aspect ratlio of the
Prosasuro nroas Then with increasling beam under the same
lond, the volume of water dlsplaoced and the side length
of the prossurc area governing the projected spray is reo-
ducode In figure 1, the broad float system with Dby =

1/3
1.4 (-.%) 1s noted os o system with light spray forma=
1/3
tion end tho narrow float with Dgy = 0.7 (-sr\ :  that 1s,
] - rE -

half the boam is notod as a floct system with heavy spray
formation. From Ffigures 6 and 7, which show photographs
of the limlting models HSVA 0.2 VE and 0.4 VH at ldentical
locd, spoed, and sotting, 1t can be soen how different the
spray formatlons for the extromo boams can be.

I
|
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In the particular stasge, the impact force with straight
decd riso 1s unaffected by tho beam (reference 2); with ro-
curved chlnos, the impact factor decreases wlth increesing
boam, according to theoretical enlculations, as shown in
figure 8, On the other hand, tho expendituro In gtructur~
ol woilght increasos with tho boam, so that an extreme beom
appoars unsultablo..

Longth; Shapec of Bottom of Forobody

The forobody bottom should be stralght ns far as pos=—
siblo, bocause tho optimum angle of attack of 4% to 69,
doteraincd from the systematic tosts (roforence 3) is alwe
ways exceeded in stages in which curved portions of the
forebody are included in the loaded bottom area = whosge
nost effectlve part, according to pressure measurements,
llos forthest forward. Deslgn form I in flgure 9 1g thore-
fore nroferable to form II, but the longltudinslly flat
prlaning surface III, 1s the optimum., In the particular
gone of ratio Up/b, i, which for single-hull float systome

lies between 6 and 7,5, and for twin-hull float systems,
goes to 9, the longer float with equal beam 1s more favor-
able as regards reslistance and stability. In the design
the leagth-beam ratio must be freely solective within the
above llnits, in view of the posslble arrangements of the
float systen,

Doad Riso and Form of Dead Riso

Vhoreas the impact force decreases with increasing
dond rise, tho resistamco inocreases. Flgure 10 shows the
reduction to be mado in tho impact force on a bottom wlth
stralght gsoction as 1t varics wlith the included angle of
deed risc {, according to the osaumptions as to load now
in offoct. The reductlons are oxprossod as percentago of
the lmopct forces computcd for a flat bottom. Flgure 10
also shows the lncrease in resistance ot %opt expressged

as parcontage of the realstance of a flat planlng surface.
These iIncreases were determined from a series of tests of
planling surfaces running in stage III. Inasnuch as the
increase in resistance must be determined at maximum re-
slctance, even 1f less distinct, and in stage IV, where 1t
l1e corsplcuous, the selection of the included angle of
doad rise is dependent on the excess thrust avallable.
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The control of the projected spray takes place in
tho Pa¥Ft of the bottom near the chines. Systematic tests
have shown that the wator is kept flat when the section -
is turnod to the horizontal, accordlng to figure 1llb, with
not too small a radius of curvature. With a straight soc—
tion (fig. 1la) tho water risos hizh in continuation of
the diroction of the bottom, while with pronounced .recur-
vature at tho chino (fig. 1lle) it ie diroctod against tho
surfaco vhoro 1t is reflocted at a high angle, TFTlgure 12
showe tho spray patterns of a model in which the loft half
of tho soctlons wero curvod downward according to figure
llc, whllo those of the right half terminated in tho horle
zontal (fig. 11lb). The differences in the form of the
spray aro roadlly seen. A recurvature at the chine that
g00os boyond the horigzontal, has a very unfavorable effect
on landing shock (reforence 4) and is therefore to bo
avoidod,

Loagltudlnal steps of overy kind have proved unsuit-
oblo in systomatic tests of planing surfaces and models
wlth rospect to reslstance; nelthor do t hey offer any ad-
vantages relative to impact ferces.

Yopth oand Locatlon of Step; Angle of Afterbody

The location of a stralght afterbody relatlive to the
furrow formod aft of the step ls determined by the depth
of stop and the angle between forebody and afterdody.

It hes boen ostabllished that contact of the stern
with the solid wator behind the furrow at maximum resiste-
anco has o favorable effect, whilo contact of the stern
witlh tho spray in the stage bofore get-away has an advorse
offoct.

At maxlmum roasistance, thoreforo, small depth of stop
and small anglo betwecen forobody and aftorbody are advan«—
tagoous, while Just bofore get-away great depth of step
and large angle of aftorbody keel (forobody alone: optl-
mum) aro advantagoous as seon in figure 13, which presents
. the results of model tosts with difforent depths of step
ond anglos of aftorbody. THo results from the -forobody
are appondod as limlting valuos,
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Depth of step Angle of afterbody keel
Modol 0,3 VH a 0 7°
" 0,3 VHD 0.017 b, 70
" 0,3 VHe 0.05 b_, . 7°
" 0,3 VH 4 0,10 by 7°
"% 0.3 VHoe 0.05 bgy 9.5°
¥ 0.3 7

The oxpocted decrease 1n resistance from the float
with groater dopth of step (limit value: forebody alone)
to the float with zoero depth of step appears 1ln the stage
belore the maximum,. )

At maximum resistance the condltlons on the stepped
floet are as yet the same. But for etep depth 0, 1t ap=-
pears that the alr space in course of formatlon behlnd
the break 1s fllled up afain from the rear, so that the
goitting-on~step 1s greatly retarded and the maximum re-
slstanco, as o result, increasos further. ZXven 1f by fur-
thor increasc of speed, the ploning condition has been
ronchod tho rosistances are from two to three tlimes as
high ns for the stopped floats.

In the stage boforo get-away the float wilth tho groat-
est dopth of stop (or the forebody alone) shows the low-
est resistonco, while tho float with zoro depth of step
1s altogethor unusable.

A depth of step of from 0.04 to 0,05 by has proved -

satisfactory. On high-spoed airplanos, it 1s reduced to
0,025 byt 1In ordor to roduce the alr resistance.

Tho maximum roslstanco bocomes greator with large an-
glos of aftorbody keol, while the spray offect falls short-
ly boforo get—away and through it, the rise of reslstance
occurring there, is roducod.

Becouso of the depondonco of the form of wake on dead
rise, load, and speod, no gonorally valid statoment can be
mado rogarding tho optimum angle between afterbody and
forobodys 7° hns proved to be =a good average value.
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Naturally, the arguments refor to tho ratilo:

forobody longth 1o
ovor-all longth 1y’

With docroasing 1ly/l;, tho favorable effect of tho after-
body increcses 1n stages I and II, whillo in stage IV, a
large 1./l; 1e dosired, in order to roduce the area of
the aftorbody hit by the spray. 1./l = 0.55 1e o good

veluo for floats. For flying bonts hnving'aft of the sog-
ond step o tall oxtonslon with larger angle of kecl, tho
length of the afterbody (measured to the second step) may
be shortened to about %I = 0,66 to favor the forebody,
L
if stage IV noeds a reductlion in resistance, lnasmuch as
tho tall cxtonslon insures ample stabllity by the stern.
ly/Vj, 1s tho only parameter which, under certain condl-

tiona, causes a difforentiation botwoen float and flying-
boat hull Y

defining the locatlon of theo stop.

V. THE DVL STANDARD FLOAT

Tho DVL gtandard float - a float doslgn evolved on
the foregolng argumcnts ~ 1s- largely patterncd efter proved
doslgn forms based upon ten yoars! cxporlonco, not only in
problems of rosistance dbut also in problems of strength,
as well as motlon charactoristics. Needlessly complicating
detells, which now ~ond again appear in a single develon—
nent not ~ or only partially - utilizing the posslbdllitles
of the research, have beoan left out.

The nced for belng able to vary the length-beam ratio
V1/b44 and tho included anglo of dead rise {, to sult e

particuler purvose, leads to fomilles of related floats,
for which the investigation must be made on such a wide
range of selected loads, trims, and speeds that for every
sultable position determined in conjunction wilith an air-
foll, the test values can be obtdalned by interpolation
within the curve system, providing that no stages already
defined by Iimiting curves are roached “in 'which the float
becomes unsuitable with respect to reslstance or spray
formation. The bent coordlinatlion of the float system to
the alrfoll of the project follows on the basis of the
moasuremonts. This method was suggested by Seewald (ref-
eronco 5) used in the N.A.C.A. tank (reference 6), and

further developed by the DVL.
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The design of the slx models lnvestligated so far:

11/ bgy 6.04 |7.50]/9.19

Family A4: ¢ "gio° Model la| 8 4
52 Jandrdet

U B §1; 130° 17| 18 | 19

is shgwn in figure 14. The beam of the model 1ls b,y =
0. 3"&?”1‘]19 models of a famlly are developed from the
basic form (smallest IL/bBt), by starting at the step

and lnecreasling the spacing of the sections of the fore-
body and afterbody along the keel tangent iIn the ratio to
the model lengths. Depth of step and angle between fore-
body and afterbody remaln constant for all models. The
roelnt ed models of the two famillies are congruent in cen-
toer-line scction and plan. The vertical depths of sec-
tion (meagsured from base of section) are to one another as

the doad rises tan l§9§:_£.
Tho models havo vertical sldes and stralght deck,
No attompt was made to give the upper part of the float

e gpoclcl form, since discrepanclcs i1n the form of the
s8ldes can iInfluence the tost data only at the boginning

.0f the tako-off and oven then, only to a negliglble -ox-

tont. Thoe form of the uppeor part 1s loft to the con-
structor.

VI. METHOD OF QOWING

The ronges in which a float system is to be invosti-
gated aro set off: ]

1) The speecd range is given by the Froudo number
F = 10, corresponding to an assumed high take-off gpeed;

2) 7Tko lond range: The load limit depends upon the
length-beam ratio. It lles at around co' = 3 for slon-

der floats. The program of investlgatlon contemplates an
incrense of the test points at high loads in the zone of
maximum resistance; in contragt, the small loads are in-
vestlgated only 1n the upper speod ronge. As the lnvestl-
gation proceeds, 1t can be seon in what direction the
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scheme must be enlarged, so that all important condltions
are lncluded: - T e - - - - .

3) The range of angle of attack: The minimum re-
sletance of n planing surface falls between 4° and 6°.
The fleoat system hag the tendoncy to assume high angles of
attack (up to a = 10°) at maximum resistance, and with inw
croasing spoed to drop to small angles as the result of
the backword shlifting of the rosultant water force. To
ingure a short tako-off, it 18 pulled up before get-away
to o highost posslble angle. From thls 1t follows that
in the rogion of maximum rosistance the englos of from 5°
to 11° and - in the succoeding stnge up to get-away - tho
anglos of from 3° to 9° mugt bo invostignted; steps of 2°
onch aro, 1n general, sufflclent.

Pregentation of the Results

Form of flow.- As an example, the test points for
DVL model 7 at o = 7° constant are given in figure 15 in
the form

"= fp)

The points aro so well ldentified in the accompanylng leg-
end that the characterlization of the development of the
flow ovor tho model enn be obtalned from then.

Ca

. E&ﬁlﬂiﬂﬂgﬂ_nnﬁ“mgggni.- The results are given 1n fig-
ure 16 in nondlimensional forn:

v ' b gt
8
€ =+ and cpy = o=
4 Y bat‘
agalnst : Fao—Y )
‘nggt .o

wlth the parametor

LN B R I .cu ()

whereby the noment My ¢, reforred to the koel at tho step
cen be computod fronm %ho monontes obtalnod in the tosat.
Thie presontntion affords, on the basis of Froudels law of
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nodol sinilitude, n possibility of comparison with the ro-
sults from othor nodels: If one imcgines that the models
to be conpered are all onlarged to 2 unlt bean, tho speod
v for cqual Froudo nunber F 1s tho sane, and for egucal
. lond coofficient o, ', the 1ift A 1g likowise the sano,
go that tho glide numbers € and tho monent coefflclents
Cnp oro directly comparablo.

Piotting € = f(a) separately with F as the parame-
ter for c,!' as the curve constant, figure 17 gives with

c,'! as the parametor a curte of ®opt for which the cor-

responding € 1isg a minimum,

Conter of byoyuncy apd water line pt rest.- The 1lnl-
tial attitude of the float system for any loads and any
posltion of the center of gravity, 1s determined from
figure 18 whore, in nondimensional form, tho horizontal
distanco tst of the center of buoyancy O, from the

step ond tho verticel dletanco of the wator line above the
kool at tho step t ¢ 1z givon as a function of o with

¢n? os the parametor.

Interpolation of tho Results

The scope of possible application of the experimenw-
tal dato 1s increased if frecdom exlists in the cholce of
length~boam ratio and angle of dead rise within the range
of the famlilies of floats investigated; 1l.e., i1f by in-
terpolation of the test data the measuremonts are equally
applicable to designs with intermodiato valuss of 1y/b.,

and {. Figures 19 and 20 show for all six models at o =
) - =

9% € end ecpy = f(F) and at “ogt €pin = T(p) & serioes

of loads corresponding to a normal float system, which 1s

given by ca' = cao' (1 - 0.01 FB) ab cao' = 1,70, thus

including all the models.

The curves of the floate of one family as woell as the
correlated floats of both families manifest such a simllar
course whilo the differences .are so small that the appli-
cation of the results to intermediate values by linear in-
terpolation 1s Justified.
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VII. APPLICATION OF THE RESULTS

PR s . - -

Cholce of ﬁiméh;ionE

With the size of the float approximately determined
from deslgn requirements, the beam also is determined.
A change in dimenslions with regard to take-off resistance
is usually possible only within narrow limits., A conttol
1s set up according to the dlagram (fig. 21).

At three critical speeds: for ingtance, et maximum
reslstance, at 0.6 Vstart: and 0.85 Vatart® ¢ 1s plotted

from the optimum sheet as f£(og') (at maximum resistance

the envolope curve 1s taken from the maxima of different
load stages and used with g medium Froude number). Tho
hydrodynamie load AY and the alr drag W must bo detor-
mined apnroximately for the particular speed stages. It
l1g then possibdle from the € wvaluos of the above flgureo
to give & rough courso of the wator resistance and also of
the totol resistanco, as in figure 22, for any bean that
nay be of interest, from whlch a sultable boam can finally
be definitoly detormined. The length is checked by repo-
tltlon for difforent valuos of Vp/bgy.

Coordination of Wings and Float

Tho problem is so to chooseo the angle of setting o,
between wing chord and planing bottom that the take—off
occurs at minimum reglstance, ~The best setting at the
three spoed stoges named is dotermined according to fig-
ure 23, For v = constant (0.85 Vatart? for examplo?{

wo plot againgt tho anglo of attack of the wing a.

Tho aorodynanic 1ift A and the hydrodynamic 1lift AF,
in which AY = @ - A:

A.+
°u'+ = ;—;71;. Tho oorrospgpding €nin and

st
“:pt for this °a'+ curve are obtained from the optinmun

Thon

sheot. Fron thls the wantor -reslstance vt = €Emin oY 1g
detornined. '

When the air resigtanco W is determined, we have
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the total reslstance of W 4, = v + W. If the minimum

of this lieg, say, at a,, for which agpt = aty, then

= +

The degroe of freodom to diverge from o, " for do-
op
sign ronsons, doponds upon whethor the total-resistanco
curve ls flat or reveals a digtinct minimum. The best
setting in the upper speed range is usually quite constant,
but diverges from it more or less at maximum, so that o,
nust be averaged.

Pogition of Center of Gravity
Equilibrium of Moments

For the temporary center-of-gravity position assumed
in the design, we estadblish, according to figure 24, for
a sufficlent number of speed stages the equilibrium of the
moments betweoen hydrodynamic and nerodynamlie total moment
(with the most exact possible consideration of the slipw-
stroam offoct and ground effect) for teke-off with neu-
tral elovator and ‘for maximum pogitive and negative elo-
vator doflection.

In the speed rango between maximum resistancce and
about O'Bsybtart tho alrplnne should havo the lowest dos-

slble total resistance without olovator oporation; 1.0,
should tcoke off with noutral olovator. At maximum rosilgt-
anco itsolf, "pushing down" 1s usually necessary, and in
tho uppor speed range, of course, ~n increasing pull-up.
If tho calculation doegs not give this dosired bohavior

for the position of tho coentor of gravity initlally ans-
sumed, the center of gravity must be shifted relantive to
the step and tho calculation repeated.

On the basls of tho curves of the temporary total ro-
slstance for take-off with neutral elevator and with max-
imum vpositlve and negative elevator deflection, a take-off
specification can now be set up covering the movement of
the elevator for inguring the bdest tako-off.
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VIII. GOMPLRISON OF TEE DVL STANDARD FLOAT
WITH THE K. A c. A HODEL NO 55

From the many forelgn float designs on which model
test data are available, the N.A.C.A. model No, 35 (ref-
erence 7) stands out for 1ts good resistance characteris-
tiecs. Figuro 25 gives the result of g comparative test:

€ = f(F) ls plotted with o as the parameter. Both mod-

els havo the same¢ length, beam, and dead rise, and were
towod with tho same load schedule simulating unloadlng by
wings.

Tho comparison shows that, at maximum resigtance, tho
best resistance of tho N.A.C.A. float at a = 7° is 3 por-
cont loss, but that at the higher anglos at which o float
at maximun roslstance actually runs, 1t 1s considerably
worse; that 1s, by 13 porcent at o = 9°, and 15 porcont
at o = 11°. In purec vlening condlition tho N.A.C.A. modol
1s consldorably inferior at nll angleos, which can only bo
ascribod to tho unfavorablo form given to the pressuro area
by tho polntcd step. The roslstance curves do not croas
until spoods shortly bdefore get-away, where the small,
high aftcrbody surface of tho N.A.C.A. nodel can influ-
enco tho resistance favoradly bocaouse of less wetting.
Whilo tho standard float yot alloma 7° sotting and only
runs on tho afterbody at 9°, tho N.A.C.A. float alreedy
runs on tho afterbody at 7° - a conditlon vwhich at get-cway
ean only bo rcallzod by haviag largo control surface mo-
ments avallable. The get-away sveed of the N.A.C.A.
float nust therefore be set higher than the ctandard float.
The N.A.C.A. float also shows a consliderably more unfavor-
able spray pattern on account of the absence of recurva-
ture at the chilne.

IX. FINAL REMARKS

The purpose of the development of a good type of
floati has boen nttained, as the above and othor compari-
sons show. The msking of tho large number of tests that
were necessary to make the float generally appllcable was
therefore worth-while. However, 1t is not asserted that
the float will also show the best charascteristics in all
dimensiors and condltions of load. (Cf. requirements under
d), p. 4.) Toets with dynamically similar models capadblo

*From the family € with { = 150° in courso of investlgn-
tion.
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of flylng are in progress so as to ascertaln these charac-
terlstlcs also for the total range of the standard float,
gince English experiments (reference 8) have proved the
foaslbllity of such tests and thelr extenslion to full size.

As an example of the application of the standard
float, figurce 26 shows the Ha 139, a four-engine twin-
float seaplane bullt by the Hamburg Alirplane Corporation
for the Luft Honsa, which 1s notod for 1ts very short
toke-off time and pleasing take-off and landing charactor-
lstics.

Translation by Je« A. Vanler,
National Advisory Oommittee
for Aoronautics.
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Figures 6,7.- Comparison of spray of model 0.2 VH (bgy 0.2m)
and 0,4 VH (bst 0.4m) at the same load 18 kg;
speed 6 m/s, trim 6 deg.

Figure 12.- Deflection of spray;
left half: form of section according to figure llec,
right " L} " f L ] " llb.

Figure 26.- Ha 139 built by the Hemburg airplane Co.
for the Lufthansa.
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Side and bottom of float wetted- buoyant condition

As above, Forehody wetted whole length. A blister of water
appears at the bow (1limit of load).

Left half of circle =sides clear forward only, wet most of length.
Condition on sides, '

In stages I and II sides mostly clecr.' only wet a little, .
mostly in wey of step. ;

Right half of circle afterbody bottom hard on water, more tha.n
1/2 length of afterbody :

Condition on bottom afterbody bottom on water less he.rd;'
of afterbody 1/4 to 1/2 length of afterbody :

In stages I and II afterbody bottom ot ,:'ter only elightly
less than 1/4 of & erbody

Stage III sides of float and afterbody clear of water.
Pure planing condition _

Afterbody bottom wetted eli.ghtly by eprey from the step.

Condition on bottom Afterbody bottom wetted etrongly by lpre,y
of afterbody from the step

In stege IV Afterbody bottom wetted very heavily by spray from
the step. Unstable condition, measurement of
reaistance impossible, :

Float runs on afterbody only.

In stages III Fatural beam smaller than beam at step. -
and IV - :
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